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CALIBRATION  OF  THE  HOPKINS  BLASTMETER 


Abe tract 


This  report  gives  the  results  of  calibration  measurements  made 
on  the  Hopkins  Blastmeter  and  also  a  brief  discussion  of  the  accuraoy 
of  these  measurements. 


Mr.  Kent,  In  Ballistic  Research  Laboratory  Report  No, 
176,  has  developed  the  theory  of  the  Hopkins  Blastmeter. 
Under  his  direction  the  same  Instrument  has  been  calibrated, 

The  theory  gives  ue 


(la) 


Q  J  13  Q 

3  .  d£  F  max 
*2  A  S 


Here  I  Is  the  Impulse  of  the  explosion  and  ©max  is  the 

observed  deflection  In  the  ballistic  galvanometer.  The 
definition  of  the  other  constants  and  the  procedures  for 
measuring  them  are  both  given  in  the  aforementioned  report. 
This  report  gives  the  results  of  such  measurements  together 
with  a  brief  discussion  of  their  accuraoy. 
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In  (la)  n^maxH  Is  in  radians.  As  ndmax"»  'the  number 

of  scale  divisions,  is  more  convenient  to  observe  we  shall 
write 


(lb) 


I 


(K  +  7  PQ 


where  "L"  is  the  number  of  scale  divisions  per  radian. 

Two  ballistic  galvanometers  were  avilable.  One  is  a 
Leeds  and  Northrup  mirror- tele so ope  type;  the  other  is  an 
aluminum  pointer  type  designed  by  Dr.  Hopkins.  J,  F,  and  L 
were  determined  for  both  galvanometers.  In  the  L  &  N  type 
it  is  easily  seen  ’  that  L  =  2^  where  is  the  scale  distance 
is  centimeters. 

Under  different  conditions  "R" ,  the  total  oircuit  re¬ 
sistance  will  vary.  Sinoe  the  other  quantities  are  constant, 
we  shall  write  finally  - 


do)  i  -  b  r 


where 


B  as 


<K  +  -y  P0  §-) 

_ _ Ip 

dtp 

-2A 


J 

F 


The  determined  values  of  "B"  are  - 
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For  LAN  Galvanometer 


For  Hopkins  Galvanometer 


=  2.01  x  10"3  £2.  8ec  p0r  per  div. 
cnr 


®  2.86  x  10~5  sec  per  ohm  per  div. 
in 


s  1.95  *  10“^  Atmos  sec  per  ohm  per  div. 


=  1.63  sec  per  ohm  per  div. 
car 

=  2.32  x  10**2  seo  per  ohm  per  div. 
in^ 

s  1-5®  x  10"  3  Atmos  sec  per  ohm  per  dr 


It  is  seen  that  the  L  &  N  galvanometer  would  be  about 
800  times  as  sensitive  as  the  Hopkins  galvanometer  if  the 
circuit  resistances  were  equal.  For  accurate  readings, 
however,  this  resistance  must  be  larger  (see  p.  IS,  BRL 
Report  No.  176)  when  the  L  &  N  galvanometer  is  used  and  this, 
of  course,  reduces  its  comparative  sensitivity.  For  instance, 
if  500  ohms  are  used  in  the  L  &  N  circuit,  to  obtain  the  same 

accuracy  Hopkins  «  ~  L  &  N)  with  the  Hopkins  galvanometer, 

only  1^.4  ohms  need  be  used.  Thus  in  this  case,  the  L  &  N 

galvanometer  is  23  times  as  sensitive  as  the  Hopkins  instrument* 

.  \ 

Three  sets  of  measurements  were  made,  one  on  the  blastmeterl 
proper  and  one  each  on  the  two  galvanometers.  1 

\ 
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The  Measured  Values  of  the  Blastmeter  Constants 
"7"  1 8  taken  as  1.4 

”p  B,  the  atmospheric  pressure,  is  taken  as  1033  ^-^75 
0  cmd 

K  =  1S20  gm/om2 

A  «  317  cm2 

V  -»  4g4  cur5 
0 


deg 

dx 


1.6l  X  10 


-2  volt 
din 


seo 


"A"  and  "V  "  should  he  acourate  to  within  a  few  percent. 
Although  HKM  could  not  be  determined  very  accurately  (about 
50^  possible  error)  due  to  the  friction  present,  this  is 
not  serious  as  the  following  will  show. 


That  is  to  say,  the 


restoring  force  due  to  the  compressed  air  is  over  one  hundred 
times  as  great  as  that  due  to  the  spring.  If  appreciable 
air  leasts  out,  even  in  the  short  time  in  which  the  blast 
is  acting  upon  the  blastmeter, 


will  not  represent  the  compressed  air  component  of  the 
restoring  force  accurately.  This  may  cause  an  appreciable 
error  in  the  v  alue  for  "Bu  0 

8||"is  assumed  to  be  constant.  The  error  in  the  measure¬ 
ment  is  around  five  percent. 


II 

The  Measured  Values  of  the  L  &  N  Galvanometer  Constants 
T  =5.^6  seconds 

Rc  «  177 
Aa  *  .103 

f  =  .111  x  10^  radians /amp. 

F  *  2.6s  x  10“ ^  volt  sec/ra&ian 

p 

J  »  .1S2  gm  cm 

Y  =  6. SO  x  10”^  coulomb  aeo/radian 
L  =  100  scale  diviaione  per  radian 


"T  "  and  HLU  are  aocurate  to  within  one  percent. 

The  probable  errors  for  H^aM  and  Hf  are  about  two  or  three 
percent  while  that  for  RQ  Is  somewhat  larger. 

"F"  is  determined  by  the  formula 


FL  T 


F  « 


TT  f 


2(1-  £> 


is  determined  by 


“JM  is  the  product  of  these  two  reduced  to  the  proper 
units.  nT  "  is  assumed  to  be  equal  to  T  .  This  must  be 

&  a  H  JM 

true  since  the  air  damping  is  Small.  Luoklly,  it  is 

that  enters  into  UB"  and  It  is  more  acourate  than  either  "J" 
or  "F"  taken  separately. 

Ill 


for 


The  Measured  Values  of  the  Hopkins  Galvanometer  Constants 

L  =  6.93  divisions  per  radian 

T  “  seconds 

a. 

xa  “  -329 

f  =  ^.36  x  io3  divisions  per  amp,  or  (using  L) 

.  *  .629  x  1(  3  radians  per  amp. 
r  =  11  ohms 

Tr  *  3*1°  esc . 

Xr  »  .775 

F  «  2.4-0  x  10“  ^  volt  sec /radian 

2 

J  *  9.17  gm  cm 
J  _i]_ 

f  *  3.S2  x  10  coulomb  eec/radian 


L,  Ta,  f,  r,  & 

The  error  in  A  and 
a 


Tr  are  accurate  to  within  one  percent, 
especially  A^  is  larger. 


F 


F  = 


is  calculated 
T 

T  (A  J-A  j 
a'  r  Tr  a' 
—  • 

Tt  t 


hy 

r 


II  Jll 

"J"  and  p  are  calculated  as  above. 

II JH 

Again  the  very  accurate  ■»  alone  enters  into  the  determination 
of  "B".  * 


Daniel  Shanks 
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